Primary angle-closure glaucoma (PACG) is highly prevalent in Asian countries, compared with primary open-angle glaucoma (POAG), which is reported predominant disease among Whites and that is the reason for paucity of reports about central corneal thickness (CCT) and corneal curvature (CC) in eyes with PACG in Europe. To determine central corneal thickness, corneal curvature and refractive error in patients with primary angle-closure glaucoma (PACG) and primary open-angle glaucoma (POAG). A total of 288 patients were enrolled into this study; 132 patients with PACG (mean age of 73 ± 7 years) compared with 156 patients with POAG (mean age of 70 ±7 years). The data was collected from all PACG patients who underwent Laser peripheral iridotomy at the Clinic for Eye Diseases, Clinical Center of Serbia in Belgrade between January 2012 and October 2012 and controls with POAG examined in the same period. Data from the right eye was used for analysis. In PACG/POAG mean CCT was 549±38/547±35 µm (p=0.353) and mean radius of corneal curvature (Cr) was 7.92±0.22/7.75±0.29 mm (p=0.003). There was no statistically significant correlation between IOP and mean Cr in PACG (p=0.244 ) and POAG ( p=0.637) while it was in POAG group with refractive error (p=0.005) and CCT (p<0.001). We found that CCT in PACG and POAG group were in normal range and there was no diference between them. Our results showed that the eyes with PACG had the flatter corneas than eyes with POAG and were hyperopic.
INTRODUCTION
Primary angle-closure glaucoma (PACG) is highly prevalent in Asian countries, compared with primary open-angle glaucoma (POAG), which is reported predominant disease among Whites [1] . The prevalence of PACG in Europe is 0.1 % [2] . However, the Egna -Neumarkt Glaucoma Study stated that the burden of PACG in Europe has been underestimated previously [3] . Laser peripheral iridotomy (LPI) is considered the first choice treatment for PACG although advanced cases require further treatment with topical medication or filtration surgery [4] .
The role of central corneal thickness (CCT) measerment in clinical evaluation in glaucoma is established [5] . Earlier studies have identified that CCT has significant effect on intraocular pressure (IOP) values measured with Goldmann applanation tonometry (GAT); true IOP in eyes with thicker corneas is lower than that is measured and thinner corneas lead to lower readings. Besides CCT, the accuracy of GAT depends on many other factors including corneal curvature, corneal structure and axial length [6] . Corneal curvature (CC) is another factor affecting IOP and CCT readings.
The aim of this study is to investigate CCT, corneal curvature and refractive error in patients with PACG and compare data with the same data in POAG patients. However, there is paucity of reports about CCT and CC in eyes with PACG in Europe, because most researches have been done in parts of Asia where the anatomy of the eyes might be different from eyes in Europeans and myopia is more prevalent than in Europe [7] .
THE AIM
To determine central corneal thickness, corneal curvature and refractive error in patients with primary angle-closure glaucoma and primary open-angle glaucoma.
MATERIAL AND METHODS
A total of 288 patients (288 eyes) were enrolled into this cross-sectional study; 132 patients (132 eyes) with PACG (mean age of 73 ± 7 years) compared with 156 patients (156 eyes) with POAG (mean age of 70 ± 7 years). The data was collected from all PACG patients who underwent LPI at the Clinic for Eye Diseases, Clinical Center of Serbia in Belgrade between January 2012 and October 2012 and controls with POAG examined in the same period. Patients consistent with the diagnoses of POAG and PACG who were referring to the Clinic for Eye Diseases for LPI were included in the study.
Exclusion criteria were: (1) secondary glaucoma; (2) corneal abnormalities that prevented accurate CCT measurement; (3) previous intraocular surgery; (4) 
DEFINITIONS OF GLAUCOMA
Glaucoma was defined as the presence of glaucomatous optic neuropathy (GON) -(defined as loss of neuroretinal rim with a vertical cup: disc ratio of >0.7 or an inter-eye asymmetry of >0.2, and/ or notching attributable to glaucoma) and associated visual field loss. PACG was defined as the presence of GON with corresponding visual field loss, in association with a closed angle (presence of at least 180 degrees of angle in which the posterior trabecular meshwork was not visible on nonindentation gonioscopy), and raised IOP and/or peripheral anterior synechiae. There were no cases of acute angle closure and all PACG patients had chronic PACG. POAG was defined as GON, visual field defects consistent with glaucoma, IOP greater than 21mm Hg on at least 2 occasions, and open angles on gonioscopy.
All patients received a detailed explanation about the study and signed informed consent for use of their data for the analysis.
This study was approved by the Ethics Committee of the Clinical Center of Serbia within which the work was undertaken.
STATISTICAL ANALYSIS
Data from the right eye was used for analysis. If the right eye was excluded from the study because of ineligibility, data from the left eye was used. Standard descriptive statistics were used. Unpaired Student's t-test was used for comparison of the continuous variables. Chisquare or Fisher's exact tests were used to evaluate the significance of the differences between categorized data. Correlation between parameters was tested by using Pearson and Spirman correlation and multivariant linear regression model. Individual differences were considered to be statistically significant for p<0.05. SPSS version 21.0 (SPSS Inc, Chicago, Ill) was used for all statistical calculations.
RESULTS
Demographic data and intraocular pressure of the patients are given in Table 1 . The mean patients age in group PACG was 73 ± 7 years (range 61-87 years) and they were predominantly female (75%) and in group with POAG the mean age was 70 ± 7 years (range 58-80 years) and they were predominantely male (52%). There were statistically significant difference between PACG and POAG group regarding to sex and no difference regard to IOP, in group with PACG, IOP was 17 ± 3 mmHg (range 10 -25 mmHg) and in group POAG was 18 ± 4 mmHg ( range 12 -30 mmHg).
Mean CCT, CC and refracive error values in both group are given in Table 2 . The mean (SD) CCT in PACG group was 549 ± 38 µm (range 509-601 µm) and in POAG group was 547 ± 35 µm (range 453-601 µm). There was no difference between the mean CCT in both groups. Eyes with PACG had flatter corneas, mean Cr / K in PACG group were 7.92 ± 0. Patients in PACG group were predominantly hyperopic, spherical equivalent ranged between -1.00 do +6.25 diopter, mean value was +2.75 diopter and in POAG group were predominantly myopic, spherical equivalent ranged between -5.25 do +2.00, mean value was -1.75 diopter.
The IOP positively correlated with CCT (r=0.772, p<0.001), refracive error (r=0.544, p=0.005) and age (r=0.532, p=0.035) in group POAG and did not correlate with Cr (r=0.10 p=0.637) and sex (r=0.230, p=0.109) in the same group. In group PACG , IOP did not correlate with all variables: CCT (r=0.405, p=0.06), Cr (r=0.248, p=0.244), refractive error (r=-0.035, 0.869), age (r=0.234, p=0.083) and sex (r=0.148,p=0.273) ( Table 3) . In multiple regresion analysis, with IOP as dependent parameter and CCT, CC, refractive error, age and sex as independent parameteres, we found the association between IOP and refractive error (p=0.001) and age (p=0.039) in group POAG and did not reveal the association between IOP and variables in group PACG. We can predict IOP in POAG group on the basis of these two predictors and mathematical model was IOP=2.058 + 1.923xSE + 0.245xAge.
In both group (PACG/POAG) there was no correlation between CCT and variables: Cr (p=0.430/0.92), re-
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fractive error (p=0.191/0.615), age (p=0.704/0.735) and sex (p=0.436/0.135) and it was showen in Table 4 .
DISCUSION
The main purpose of this study was to determine central corneal thickness, corneal curvature and refractive error in patients with primary angle-closure glaucoma and compare the same data with patients with primary open-angle glaucoma. We found that CCT in PACG and POAG group were in normal range and there was no diference between them. In a meta-analysis of worldwide literature, the average CCT of normal eyes in various racial groups with ultrasound pachimetry was 544 µm, similar to our study results: CCT -in PACG group was 549 µm and in POAG group was 547 µm [8] . Also, similar was found in study of Pang et al. [9] for eyes with PACG; mean CCT was 542 µm but CCT in POAG group was thinner -539 µm. Thinner corneas was also found on CCT study from Brasil; and there were no differences in the mean CCT of PACG (531.1 µm), POAG (520.6 µm) and normal eyes (519.2 µm) (p=0.18) [10] .
The next purpose of our study was to determine correlation between CCT and other variables: CC, refractive error, sex and age. Our study showed that there was not statistically significant correlation between mean CCT and sex in both groups, as also no correlation with age. There is currently no consensus on how CCT varies among men and women. Some studies note that there no differences [9] , another emphasis that female subjects have slightly thicker corneas than male subjects, whereas other found that males have slightly thicker corneas than females [11] . Previous reports on the association between CCT and age are contradictory: some studies have found no significant association [12] , whereas others have found a statistically significant inverse relationship between CCT and age. On one side, Nemesure et al. [13] and Aghaian et al. [14] found a decrease the central corneal thickness with increasing age, however we did not see correlation between CCT and age, agreeing with Shimmyo et al. [12] and Rotterdam Study [15] .
Studies that have attempted to investigate the effects of refractive errors on CCT have reported conflicting results. One reports showed no correlation between corneal thickness and level of myopia, whereas another study found the cornea to be thinner in more myopic Abbreviation: CCT -central corneal thickness; Cr -radius of corneal curvature (mm), K -keratometry (D); SE -spherical equivalent; D -Diopter eyes [16] . In our study, we did not found correlation between CCT and refractive error in both studied group. Also, we wanted to reveal correlation between IOP and CCT, CC, refractive error, sex and age. Accurate IOP measurement is an important factor in the diagnosis and management of glaucoma, but various sources of error may affect the accuracy of measurements. Central corneal thickness is well known and affects IOP readings. The Ocular Hypertension Study recognized the significance of CCT on GAT. They found that eyes with thinner corneas had a higher risk of developing primary open angle glaucoma than eyes with thicker cornea [17] . In our study we showed positively correlation between CCT and IOP in group with POAG and in group with PACG there were no correlation between these two parameters.
Regarding corneal curvature, our results showed that eyes with PACG had flatter corneas than eyes with POAG. As many published studies suggest correction factors based on CCT and GAT, however the effects of CC on IOP measurements by GAT remains uncertain. Paranahos et al. [18] found no correlation between CC and IOP measurements by GAT and non contact tonomtery in study group of 404 eyes. Also, in our study, there was no association CC and IOP in both studied group. Contrary, in some of previous publication, there was association between corneal curvature and IOP reading obtained with GAT, like in Saleh et al. Study [19] , there was a weak correlation between mean radius of CC and IOP measurements with GAT and ocular blood flow pneumatonometer [20] . Orssengo and associates [21] recently discussed errors in GAT by theroretical mathematical models. They discussed the deformation of central cornea flattened by pressure of the prism and bulging outward from the middle to peripheral cornea by the inner pressure of eye. They concluded that central corneal thickness, corneal curvature and area applanated should be considered in adjusting errors of GAT and alluded to the role of variations in Poisson rate of central tissue of different indivduals.
Our results also showed that eyes with PACG were hyperopic. A study dating back to 1970 stated that there is relations between PACG and hyperopia [22] . Since then, the most studies on PACG and refarctive error have been performed in Asian countries. The Beijing study [23] found a relation between hyperopia and anterior chambre angle, suggesting that hyperopia is a predominant risk factor for PACG. Saskia et al. [24] was the first study about risk factors of PACG in a European population and in their population most of PACG patients were hyperopic but they though that hyperopia may be involved in the pathogenesis of PACG, but it cannot be accounted as a risk factor.
In our study, in the multiple regression analysis, age and especially myopia were significantly associated with IOP in POAG group. It agrees with previous studies [25, 26] which confirmed that older age and myopia are important risk factor for primary open angle glaucoma.
Our study had a few limitations. Firstly, we did not have normal control group. Another potential weakness is the relatively small sample size. Earlier studies have showen that there are many factors which may be associated with CCT, including ocular factors such as axial lenth, anterior chamber depth, lens thickness and systemic factors such as presence of diabetes mellitus, body mass index, serum glucose levels. In this study, we did not include these factors for analysis. Sihota et al. [27] showed a difference in a mean CCT between acute PACG and chronic PACG, however, we were unable to obtain such data as all patients in this study had chronic PACG.
CONCLUSION
We found that CCT in PACG and POAG group were in normal range and there was no diference between them. Our results showed that the eyes with PACG had the flatter corneas than eyes with POAG and were hyperopic. Thickness and corneal curvature are two independent factors. Greater CCT was associated with higher intraocular pressure in group POAG.
